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Introduction 53
There is now well established evidence that human-driven changes to our planet's 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t -3 -insufficient intake of nuts and seeds accounts for over 2% of deaths globally (11). Previous 72 meta-analyses have shown that nut consumption is inversely associated with fatal and non-73 fatal ischaemic heart disease, diabetes (13), cholesterol and triglycerides (14). Meta-analyses 74 investigating the effect of consumption of seeds on health outcomes are less abundant,
75
although there is some suggestion flaxseed consumption is associated with reduced blood 76 pressure (15) . Tree nuts (such as almonds, walnuts and pistachios), groundnuts (such as 77 peanuts) and seeds are energy and nutrient-dense foods, however their consumption is often 78 undervalued by national dietary guidelines (16).
79
Global healthy and sustainable reference diets now advise low amounts of animal products,
80
based on a growing concern about the impact of animal source food production on accounted for an estimated 35%, 24% and 15% of the global tree nut production 98 respectively (22), however more frequent extreme weather events such as heat waves,
99
flooding and drought in these regions (2) may impact their future production capacity.
100
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Study Quality and Risk of Bias

153
Papers identified for inclusion were assessed for quality using a modified version of the Critical 
Data Analysis
165
The absolute differences in outcome between baseline and exposure were used to derive 
201
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Water Availability 223
We identified 48 papers (44 field studies, three greenhouse studies, and one outdoor rain 224 shelter study; 348 experiments) that reported on the effect of reduced water availability on fruit 225 yields ( Figure 3A) . The evaluated reduction in water availability ranged from 10% to 100%.
226
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Water Salinity 285
We identified 12 papers (11 field studies, one greenhouse study; 112 experiments) assessing 286 the effect of water salinity on fruit yields ( Figure 3B ). All studies measured salinity in dS/m.
287
The evaluated increase in water salinity ranged from 0.15 to 7.3 dS/m, and was converted to 
292
This resulted in a -4.9% non-significant mean yield change (range -55.3% to 31.0%; 95% CI -293 14.7% to 4.0%), while a 3 to 4 dS/m increase in water salinity resulted in a -28.2% mean yield 294 change (five studies; 22 experiments; range -94.2% to 5.6%; 95% CI -53.0% to -3.4%). Two 295 studies reported uncertainty estimates; therefore, no pooled analysis was performed.
296
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Ozone (O3) 344
We identified three studies (all field studies; five experiments) that reported on the impact of 345 O3 concentration on fruit yields. Studies evaluated changes in O3 concentration ranging from 346 +88% to +143% above baseline levels; in berries and drupe yield changes were negative, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t -3 - 
360
excluding the study reporting CO2 in µmol/mol (range -77.4% to -6.5%; mean flavonoid 361 concentration -37.5%; 95% CI -94.4% to +19.5%).
362
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The findings of potential negative impacts on fruit, nut and seed yields resulting from increased 
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545
What will become increasingly important in efforts to ensure the resilience of fruits, nuts and 546 seeds in our diets is a focus on sustainable production; as certain nut species are highly water 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t -9 -than dairy milk (56). It may therefore be useful to re-think sustainability-based dietary 553 recommendations with consideration of within-group food aggregation.
554
In order to respond to changing environmental conditions and maintain the supply of 555 nutritionally important crops, adaptation strategies will be required, such as cultivating resilient 
Conclusion
576
Our review identified a number of papers assessing the impact of environmental stressors on 577 the yield of a small range of fruits, nuts and seeds. Our findings suggest that under a business 578 as usual scenario, yields of fruits, nuts and seeds are likely to decrease in response to 579 environmental change. Given the importance of fruits, nuts and seeds to health, and 580 contribution to adequate micronutrient and calorie intake, this will likely have negative 581 implications for food security, nutrition, and NCD risk -especially in food insecure areas.
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Despite the inherent limitations of performing a systematic review in this field, these novel 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t
